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(54) Process for moulding aluminium- or magnesiumailoys In seml-solIdH led state 



(57) The melt of a magnesium or an aluminum alloy 
that have a composition within maximum solubility limits 
is poured into a billet-forming mold at a selected temper- 
ature exceeding the liquidus tine of the alloy but not 
higher by more than 30^0 and the melt is cooled to solid- 
ify at a cooling rate of at least 1 .O^'C/sec over the solidi- 
fication zone so as to form a billet and, thereafter, the 
billet is heated at a rate of at least O.S^C/min through the 
range bound by the solubility line and the solidus line of 
the alloy and further heated to a given temperature above 
the solidus line of the alloy and held at that temperature 
for 5 • 60 minutes, thereby spheroidizing the primary 
crystals and, thereafter, the billet is further heated to a 
given molding temperature below the liquidus line of the 
alloy and the semi-solid billet is fed into a shaping mold 
and shaped under pressure. Alternatively, the melt of a 
hypo-eutectic aluminum alloy having a composition at or 
above maximum solubility limits is poured into a billet- 
forming mold at a selected temperature exceeding the 
liquidus line of the alloy but not higher by more than 30*'C 
and the melt is cooled to solidify at a cooling rate of at 
least 1 .0'^C/sec over the solidification zone so as to form 
a billet and, thereafter, the billet is heated to a tempera- 
ture above the eutectic point of the alloy and the holding 
time and temperature are selected in such a way that the 
liquid-phase content of the billet is adjusted to between 
20% and 80% and that the primary crystals are sphe- 
roidtzed and. thereafter, the semi-solid billet having the 
so adjusted tiquki-phase content is supplied into a shap- 
ing mold and shaped under pressure. By adopting these 
methods, light metals such as magnesium and aluminum 



alloys can be shaped under pressure in a simple and 
convenient way at low cost. 



Primed by Rank Xerox (UK) Business Services 
2.9.12/3.4 



EP 0 701 002 A1 



Description 

R^i^^ round * f Invention 



to 



)5 



20 



25 



T^is invention relat^toamethod Of senJ-«.«P2-^^ 
torc^Bngalloybilletssuitableformatsemi-^^^^ 

in which a billet having fine. «^"«SJnTaS^ u^^^r^^^^^^^ ^ ^^ZS" 

semi-solid temperature region and then s'^J'f^^^ fo^ ttat semi-solid processing method^ 

relates to a process for casting magnesium or aj"-™"""^ ^H^rts ^ ^ ^^^^ and 

Thixotropic casting is superior to the '^'^^^^^''^^^ used for a prolonged life and provides for a 
segregation? produces a uniform metal J^^^^^^^^^^^p^^^^^^^^ 
shorteVmoIdingcycle. Because of these a^^jrndS^^^ are prepared either by performing 

-i-r ^rr^gnrSr^r X^^^^^^^^ or by ta^ng adv^tage . post-wor.ng 

^-SS::e.so.o«n.atpe2r.sem...^ 

Steed by using cartjon-base grain refining agentsjn "«gn«'"!r ^^^^ ^ refining agent to aluminum 
es ?") ; an^ a method in which a master aj^ ^^^/^'^'^^^Ja^^^^^^^ (this method is hereunder 

Soys in amounts ranging from ^ to mm J a^^^^^ S^prS^ed is heated to a semi-soM temperature range 

^TcSJd'g toInoJ^er known method an^l^^^^^^^ 

rap^lly to a temperature near the ^iKlusJir^e ^^^^^S ^ a suitat^e tenperature above the sol'dus line at which it 
billet and to present local melting the billet s 1^^^ designated as "Process E"). 

becomes soft enough to permit shaping (this method « ^ ^ Aether it depends on agitation or recrys- 

However. these prior art methods have their "^^^P^^^^^^^^Xpri^ cost. Process B as applied to mag- 
tallization. involves cumbersome operatonal P^^^J^J^f c in o«ier to insure that the effectiveness of 

so S^lum alloys is no. cost-effective ^"ce the price of ^^J J^^^^^^^ ^ an antio»dant element n.^ t« 

to forming increases to cause operational ^„ g„„etimes result by single addition of grain rdining 

,n aluminum alloys, crystal grains coamer^ K^^^^^^^ 
35 agen1sanditisbynomeanseasytopfodi«esU«*^e^^^^^^ 

P^ocessDcharaclerizedbytheadditionrflargeanwui^crfgrsHn^^^^ 9 9^ amounts of at least 

aluminum ^loys such as A356. Ti :^:3fTS;on^^^^^^ Process D is mrt on^ 
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Q..mmqrYQTtne inveiuiun 

processing method. k» o«=innd in accordance with either one of two aspects of the irwention. 

^ Thefirstobjectoftheinventioncanbeattonedma^^^ 

According tothefirstasped. the menofana^esiurn^^^^^^ 
solubilrty limiS is cast into a billet-forming mold J^^^^^^^ by more than 30-C and said meft is cooled 

poured into said mold exce«ls the liquidus » -J^^J "^^'Je solUrfication zone so as to form a bdlet and 
to solidify within said mold at a cooling rate Hne to the solidus line of the alloy at a rate of at 

suteeouentiy said billet is heated witiiin said mold from *e soU^Oii^ "^^^ atthattemperatur 
r^LTsSinandfurtherheatedtoa^^^J^^^^^^^ 
for 5 - 60 minutes, thereby spheroidizing the pnmary crysa 
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temperature below the Itquidus line of the alto/ and the semi-solid billet is fed into a shaping mold and shaped under 
pressure. 

In an embodiment of this first aspect, the alloy is a magnesium alloy selected from the group consisting of a mag- 
nesium alloy which contains 0.005 - 0.1% Sr, a magnesium alloy which contains 0.05 - 0.3% Ca and a magnesium alloy 
s which contains 0.01-1 .5% Si and 0.005 - 0. 1% Sr. 

In another embodiment of said first aspect, the billet-forming mold is supplied with the molten alloy as smalt vibrations 
are applied to said mold in a direction generally perpendicular to the direction in which the meh is poured. 

In yet another embodiment of said first aspect, the alloy is an aluminum alloy which contains 0.001 - 0.01% 6 and 
0,005- 030% Ti. 

10 According to the second aspect of the invention, the melt of a hypo-eutectic aluminum alloy having a composition 
at or above maximum solubility limits is cast into a billet-forming mold with care being taken to insure that the temperature 
of the melt as it is poured into said mold exceeds the liquidus line of the alloy but is not higher by more than 30*0 and 
said melt is cooled to solidify within said mold at a cooling rate of at least 1 .O^'C/sec over the solidification zone so as to 
form a billet and, subsequently, said billet is heated to a temperature above the eutectic point of said alloy and the holding 

IS time and temperature are selected in such a way that the liquid-phase content of the billet is adjusted to between 20% 
and 80% and that the primary crystals are spheroidized and, thereafter, the semi-solid billet having the so adjusted 
liquid-phase content is supplied into a shaping mold and shaped under pressure. 

In an embodiment of this second aspect, the aluminum alloy is one which contains 0.001 - 0.01% B and 0.005 - 
0.30% Ti. 

20 In another embodiment of said second aspect, the aluminum alloy is one which contains 0.001 - 0.01% 6, 0.005 - 
0-30% Ti and 4 -6% Si. 

In yet another embodiment, the billet-forming mold is supplied with the molten alloy as small vibrations are applied 
to said mold in a direction generally perpendicular to the direction in which the melt is poured. 

The second object of the Invention can be attained in accordance witii the third aspect of the invention. According 
25 to the third aspect, the melt of a magnesium or an aluminum alloy that are held to exceed the liquidus line of the alloy 
but not higher by more than 30*C is cast in a billet-forming mold at a cooling rate of at least 1 .0**C/sec over the sol idif ication 
zone so as to form a billet of a structure connprising fine, equiaxed aystal grains. 

In an embodiment of this third aspect, the alloy is a magnesium alloy which contains 5 - 10% Al, 0.1 - 3.1% Zn and 
0.1 -0.6% Mn. 

30 In another embodiment of said third aspect, the alloy is a magnesium alloy which contains 5 - 1 2% Al and 0. 1 - 0.6% 
Mn. 

In yet another embodiment of said third aspect, the alloy is an aluminum alloy which contains 0.001 • 0.01% B and 
0,005-0.30% Ti. 

In the fourth embodiment of said third aspect, tiie alloy is an aluminum alloy which contains 0.001 - 0.01% B , 0.005 
35 - 0.30% Ti and 4 -6% Si. 

In the f ifth embodiment of the third aspect, the billet-forming mold is supplied with the molten alloy as small vibrations 
are applied to said mold in a direction generally perpendicular to the direction in which the melt is poured. 

Brief Description of tiie Drawings 

40 

Fig. 1 is a flowsheet for the semi-solid metal processing method of the invention that was implemented in Example 

1 on a magnesium and an aluminum alloy that had compositions within maximum solubility limits; 
Fig. 2 is a front view of the serpentine sample making moid that was used in Example 1 ; 

Fig. 3 is the phase diagram of representative magnesium alloys used in Example 1 ; 
45 Fig. 4 is the phase diagram of representative aluminum alloys used in Example 1 ; 

Fig. 5 is a miaograph showing tiie metal structure of one of the shaped parts produced in Example 1 ; 
Fig. 6 is a micrograph showing the metal structure of comparison which was the shaped part produced by a con- 
ventional forming process; 

Fig. 7 is a flowsheet for the shaping process by a conventional thixotropic casting metinod; 
50 Fig. 8 is a flowsheet for the semi-solid metal processing method of the invention that was implemented in Example 

2 on hypo-eutectic aluminum alloys that had conrpositions at or above maximum solubility limits; 
Fig. 9 is tiie f^ase diagram of representative aluminum alloys that were used in Exanple 2; 

Rg. 10 is a micrograph showing the metal sf ucture of one of the shaped parts produced in Example 2; 
Fig. 1 1 is a micrograph showing the metal structure of comparison which was tiie shaped part produced by a con- 
55 ventional forming method: 

Fig. 1 2 is a flowsheet for the conventional forming method; 

Fig. 13 is a characteristic diagram showing the correlationship between the crystal grain size and the casting tem- 
perature of aluminum alloy (AC4CH) billets that were cast in Example 3; 
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^,e^ M n»,n«lum (AM60) M W M w.e cast .r Barpl. 4. 

50o"c/ic««ll.atth.si»-cm.*9»i"S*»»»^^ 

M and, hance, thel»a,ing W» " of tha t«af"9 rta « »om 

"^rirwen.on^..nowbedesaibed^ec«ica..yand 

«, ^;erentionisfirstdescribedforthe<2sew^^^^^^^ 

that have a conposition within maximum solubility limits ('^ f ®/f as it is kept at a temperature above the 

TlT^ VT*. '►^^ "a*^ ^'""n' T tfJ tSwti «nt^S hat it is^led at a rate of at 

Si nebutnotexce«iingitbymorethan30-a^^^^ 

L 1 .0'C /sec. AS a result of this controlled f;'"9,^^73itea ng the ttllet at a rate of 0.5»G /mir, or more 
45 hlated again from room temperature. This ^eat-ng P^<»ft^"^^ "J^^^^ as bound by these two lines and the 
Sfthe region from the solubility line ^^.f^^f^l^HJlltrthe^^^^^^^^ 

dialal,l» 6ti»>«d allHa '^'^'SJl'S'toanllon is inpi™a«ad uaino a *»*^" 

..o,''s^v^ro:«s^rn:^--s^^^^^^^ 
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a terr^erature above the eutectic P°;''« *J ^-ClCo^^^^ spheroidized. Subsequently, the sem. 

Iiquid^>hase content to between 20% and 80% ^^Jf ^^JJ* JJ^^^^ the method of the invention and a pnor art 

Sid Sliet is formed under pressure to a ^^^^^^^^^'^^^^^^^ 12. According tothe method of the. nventon 

thixdormingprocessareapparentfromttiecompansonb^e^ ^^^^ ^ j,eated to a 

shown in Fig. 8, a billet having a '^'^'^ZT^il^e Tjr.^^^ a%pec«ied amount of liquW phase and 
tenperature above the eutectic po.nt and ^^^JV^^ute r^^^^^^ of the primary crystals and. thereafter^ 

the characters of said metal strurture are exptort*^^^^^^^ 
thebilletissubiectedtosemi-solKJforrii.ngMn^ep^^K.r^^^^^^ 

and. after being heated to a '^^^^'^^^^.^^IS^Sl^ to semi-soM forming. In other words, me brtlet « 

S2l^rrr^thr^^;r^^^^^ 

spheroidizing the primary crystals. ^heatina and molding shown in Figs. 1 and 8. particularly 

Wewillnowdiscussthestej^dbil^^^^ 

with respect to the condrtions of casting. '^f^^^^^^^J^ ^^e practice of the invention, 
magnesium and^uminum alloys tl«tcanad>^ageous^^^^^^^ 

Discussion isfirst made wtth reference to Fig. 1. "^^J^Y"!™^ q,^,^^ satisfactorily fine, equiaxed crystals 
than 30'C or if the rate of coding in the '<=«^«'" j'^^a^^^^^^^ the casting temperature is set to 
are not obtainable even if grain ^^^^^^^^''^J^r^ in L solidiftoation zone fe set to be at least 
be higher than the liquidus line by 30-C or le^ and ttie rate d ^^.ng ^ ^ ^.^^^^ 

1 .o'C/sec. If temperature is raised from the .J' to create a solid solution and will melt 
equilibrium phaseformed as a result of "^"^^"'J^;;^^^^^^^^^^^ problem, the billet is heated from ttie 

onty with difficulty when the «^XCo' 1 S^^^ 

solubilrty line to the solidus line atarateof0.5'aj..nw 

25 Iineislessthan5minutes.theprimarycryst^s«nllb«^^^^^ 
60 minutes, the spheroidizing effect -ssatur^edj^dme^^^^ 

the holding time in the semi-solid t^'^*™*;!^;"^^,^^^^ jTcStent is less than 0.005%. its grain r^inmg effed 
In the case of using Sr-conta.n.ng ™9"«='"^.^'5^^J j! ™ Jilg eflect is saturated. Therefore, the Sr content ,s 
is small and «en if Sr is added in amounts ^'^.^f J"J "^.^^'^^^^^^^ is supplemented by 0.01 -1 .S% Si. HJe S. 

- L^rrror;r;rs;%^^^^^^^^^^^ 

in the primary grains, causing deterioration in •"^^^"j^fXS content is less than 0.05%. the crystal grains will 
35 Therefore, the Ca content is set between 0.05% arid 0.3% i„ .^^jning effect is 

40 the crystal grains will not be refined and even rf t^e ^ content exceeos 

Therefae. the B content is set between 0.001% and 0.01% j mature is higher than the melting point by 

Discussion will now be made w.th '^^1'^''''°!,^^^^^^^^^ I.O'C/sec. fine equiaxed crystals are not 

more than 30«C or if the rate of cooling m the soWrf'Cf Jf ^ temperature is set to be higher 
SrSe even if grain refining agents are «,ntan^.^^^^^^^^^ 

« than the liquWus line by 30-C J^^f^ t'lotelTaS ofS P^«=««^ ^^'^ "1: Z 

the liquid-phase cortert is lessthan 20%. thejhera^^^^^^ 

to high resistance to deformation fbrmmgund^^^^ 

parts of good appearance. « these prottems. the lK,uid.phase content m 

or one cannot produce shaped parts of ^ f«»"«2^^int is set between 20% and 80%. 
50 thesemi-solidtemperaturerangeabovetheeirt«*cpo^^^^^^^^ 

Stated more speafically. alloys having ^"^f^'^*;;^^'* higher th^Tthe eutectic point; alloys having such a 
than 20% are heated for a specif led tin^ in the ten^ra^^^^^^^ 

composrtionthat1herK,uid-phasecorte|Ttattheeinec^.^^^^^^ 

poXhighertenperatures:aHoyshav,ng«^cha^^^ 

ease in producing a more homogeneous shaped part. 
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Crystal grains are refined by reducing the casting temperature but e^en finer grains can be produced by adding Ti 
and B to aluminum aJloys. If the addition of Ti is less than 0.005%, its grain refining effect is small and if the Ti addition 
exceeds 0.30%, coarse TI compounds will be generated to reduce the ductility of the billet. Therefore, the Ti addition is 
set between 0.005% and 0.30%. Boron, when added in coni>ination with Ti, will promote grain refining; however, if the 
B addition is less than 0.001%, the crystal grains will not be refined and even if the B addition exceeds 0.01%, its grain 
refining effect is saturated. Therefore, the B addition is set between 0.001% and 0.01%. If the Si content in Si<containing 
Al alloys is less than e%, the primary crystals look like petals of a flower and, hence, they will readily become spheroidal 
if the billet is held in the semi-solid temperature range. However, the strength of the billet is insufficient if the Si content 
is less than 4%. Therefore, the SI content is set between 4% and 6%. 

In yet another embodiment, small vibrations of such magnitudes as an acceleration of ca. 1 - 200 gal and an amplitude 
of ca. 1 Jim - 10 mm are applied to a billet-forming mold in a direction generally perpendicular to the direction in which 
the melt is being poured into the mold. Such small vibrations may be applied by any method such as pneumatic or 
electromagnetic means. It is prefen^ed to apply such small vibrations to the melt being poured into the mold since it 
contributes to the making of a billet comprising even finer crystal grains. 

The following examples are provided for the purpose of further illustrating the invention but are in no way to be taken 
as limiting. 

Example 1 

Fig. 2 is a front view of a serptentine sample making mold for sampling test specimens. Melt is injected into the 
mold 1 through a gate 3 and the internally evolved gas is discharged through air vents 2. Samples of an aluminum and 
a magnesium alloy having compositions within naximum solubility limits (see Table 1) were formed in accordance with 
the invention using the mold 1 . Comparison data for various test specimens of the sanples are also given in Table 1 . 
The billets were cooled at rates generally in the range from 5 to 10 'C/sec. The experiment in Example 1 was conducted 
on the assumption that the respective alloys had the following ttquidus line temperatures (LIT). 
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LIT 
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Table 1 Shows that the homogeneity of shaped alloy parts differed significantly with various factors such as the 
casting temperature, the application of small vibrations, the reheating rate and the spheroidizing conditions (temperature 
and time); obviously, the samples of the invention (Nos. 1 - 8) were superior to the prior art samples (Nos. 9 - 12). As 
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Fig. 5 shows typically, the samples of the invention had a uniform and fine-grained structure; on the other hand, as Fig. 
6 shows, the prior art samples had such a structure that only the primary crystals which composed the solid phas 
remained at the gate whereas the preferential flow of the liquid phase to the serpentine path was indicated by the high 
proportion of a eutectic structure. Thus, the prior art samples as shaped parts had different structures than the initial 
structures of the alloys. The following is a more specific description: prior art sample No. 9 which was reheated at a rate 
of (ess than O.S^'C/min let the eutectic crystals in the as-cast material form a solid solution and. as a result, the sphe- 
roidizing rate slowed down making it difficult to produce a fully spheroidized structure; prior art sample No. 10 which 
was cast at a temperature more than 30*C above the liquidus line comprised large crystal grains and. hence, the structure 
that could be obtained was no more than what contained a high proportion of coarse grains of indefinite shapes; prior 
art sample No. 1 1 did not have a fully spheroidized structure due to unduly short holding time (<5 minutes); prior art 
sample No. 1 2 comprised a coarse spheroidal sti-ucture due to excessively long holding time {>60 minutes). These would 
be the reasons explaining the structure shown in Fig. 6. In contrast, the samples of the invention which were cast at low 
temperatures that were above the liquidus line but not higher by more than 3Q°C each had a structure consisting of fine, 
equiaxed crystals. Even finer, equiaxed grain structures could be produced when Sr was solely added (sample No. 5), 
or both Si and Sr were added (sample No. 3) or Ca was added (sample No. 4) to the magnesium alloy, or when both Si 
and Sr were added to the aluminum alloy (sample No. 7), or when small vibrations were applied during casting (sample 
No. 8). The castings having these structures are characterized by efficient progress of spheroidization and, hence, can 
be thixobrmed to produce shaped parts of a homogeneous structure. 

Example 2 

Samples of aluminum alloys having conpositions at or above maximum solubility limits (see Table 2) were formed 
in accordance with the invention using the serpentine sample making mold 1 . Comparison data for various test specimens 
of the samples are also given in Table 2. The billets were cooled at rates generally in the range from 5 to 10'C/sec. The 
experiment in Example 2 was conducted on the assumption that the respective alloys had the following liquidus tine 
temperatures (LIT). 



Alloy 


LIT 


AI-3%Si-0.5%Mg 


641 "C 


AI-5%Si-0.5%Mg 




AI-7%Si-0.35%Mg 




AI'9%Si-0.35%Mg 


605*C 


AI-11%Si-0.35%Mg 


584'»C 


AI-7%Si-0.35%Mg*0.15%Ti 


eio'C 


AI-7%Si-0.35%Mg-0.15%Ti-0.005%B 




AI-2%Si-0.5%Mg 


648''C 


AI-10%Si-0.35%Mg 


598*'C 
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Table 2 shows that the homogeneity and the appearance of shaped alloy parts differ significantly with various factors 
such as the casting temperature, the application of sniall vibrations, the heating temperature (spheroidizing tenrperature 
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8) were 



w 



15 



20 



25 



30 



superior to the prior art samples (Nos. 9 • 1 4) ,n ^.^^J^^^^^^ZZecoapsxei with the prior art^mples 
hrtypicaily'thesariplesoftheirw^^^^^^ Ze^ smaller ^^ ^^^ 

wpically shown in Fig. 11. Prior art ^^"^P'^ J^f crystals and, hence, the shaped Pa-* ►'ad n«*^ 
SJapable of efffcient progress of the sphero«Ji«tton of the p W Nos. 1 1 and 12 which had l.qu.d-ph^ 

homogeneous structure nor satisfactory during heating and. what is more the 

c^meSts larger than 80%. the billets were ""^^^^^J^rt^^^^^ and 14 which were castatternperatu^ 
shapedpartsdidnothavestructuralhomogenerty .^^^ grains and. henceMhe 

ab^e the liquidus line tvn^re than 30'at^^^^^^ 

rergfe'^irotrrr^^^^^^^^ 

'^..a.ect..ei.en.nas«re.ates.ap.ess.P^^^^^^ 

meta?pr^S will now be desaibed in detail wrth refer^ce to F^s^ 1 3 20 j ^.^^^^ ^ ^ 

ig is a graph shading the eff«ns of ^^J^S^^tSweT^^^^^^ a moWof the layoutshown 

in an amount of 0.00S% on the basis of B_ ^ casting temperature .n fm 

Fig 15 is a graph showing the correlationship between tnecy^ a p.^ .,g^_ the bilte^ 

case where an Hum alloy 7075 was cast m a '^^J^l^^l^^.^. 13. the billet of 7075 was compnsed 
beJg cooled at a rate of 10-C/sec. ^^'^P^'^^,^ ^jiJ'Sl^^^ on the size of crystal grains mtt^e 

of considerably fine crystal grains: however, the ««f f'^.'^^^AWC^ At casting temperatures that were higher 

si^mr^^^^^^^^ 

^CtSscusstheco..o.ofca..bi.le.f.mt™^^^ 

of the proportions of added dements in t^J^^""^""";^"^ ^^^^ ,han 30-C. coarse crystals will result and if the 
If ie «sting temperature is higher than ^^"f .f J^"^''^^ ^^^18 will also result even if the rastng tem^ 
35 rate of coding in the solidHication zone .s '^^^'JS'^'^^^b are added as gr^n refiners^ J^'^ILJ^ 
perature exceeds the liquKlus line b^^^^^ 

C^yi^rains are refined by reducing ^^^«^^^''^^^,Z Z'^ effect is small and « the Ti additon 
« andBtoaluminumalloys.lftheaddilionJTi.sle«t^^^^^^^^ 

«^«ls 0 30% coarse Ti compounds will be generated f^d^w tne aucu ^ _ ^ the 

TbSe^naOO^ and 0.30%. Boron, when added in com^^^^^^ 

1 aSSi is less than 0.001%. the crystal grams will "^t.'^rj "l^tf^Si^^ 0 01%. K the Si content in Si-containing 
Srffi^issa,urated.Therefae.theBa^^^^^^^ 

« Alalloysislessthane%.thepnn«ryc^^8^k^^^^ 

if the billet IS held in the semi-solid temperature range, nuw . 
lTiran4% Therefore, the Si content is setb^ 
''tafurtherembodimentof the third aspectdthe — 

«. «. 1 200 oal and an amplitude of ca. 1 |im - 1 0 mm af « ^ vibrations may be applied by 
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in Example 3. whereas Fig. 20 shows the '-^^/^^^^^^ oi much finer grans. 

Obviously, the metal structure shown in Fig. 19 is characterized Dy tne nomog 



5 gYamole 4 



10 



20 



25 



30 



35 



40 



45 



moling M 4-C«c .Mre« W ^"^^'^'S^^,^^^. « l»* l,l»her than 

and « the addition exceeds lO^J^^ "^J^ ^"^^^^^^^^ and if the Zn content exceeds 

between 5% and 10%. » t^e Zn cortent « less ttian 1%and3.5%.TheadditionofMnlniproves 

3.5%. holcracWng is easy to occur. Tlie/efor^'^^.^^trn "^''Sl^Jo^^ of corrosion resistance cannot be 
corrosion resistance: however Jf the Mn content .s le^ ttian O^^^^ 

exp^nedand^theMncontentexceejae^m^^^^^ p,^,^ ,He third 

Magnesium alloys containing 5 - 12%Ai and o.i u.oTwnn 

aspect of the present invention. thBnresentinventionconsistsofthreebasisaspects. According 

AS will be understood from the '"[^ilfarSie a ™m solubllrty limte is melted in 

to its first aspect, a magnesium or aluminum tl^^^^ l^uWus line of the alloy txrt is not higher by more than 
suchawaythatrts temperature iustbefore<jjing«^^^^^^ 

30-C and the melt is then cast at a l^'f^^^^^^ s«C/min and further heated to a temperature 

is heated from the solubility line to the solidus ^» ^fs S WiLs to spheroidize the primary crystals and. 
exceeding the solidus line, at which temperature « « held fa^ 5 ■J""^^^^^^ ^^^ed under pressure, 
thereafter, the billet is heated to a mc^d^g ^^^^^^ a co-rposltion at or above 

According to the second aspect of the invention. ^.'Vf^-*"**^^^^^^^^ Jllet is he^ed to a temperature above 
maximum solubility limits is melted and cast as in ^^l^'^'^^^^^!'^^^ alro^iately to adjust the liquid-phase 
the eutecBcpoint Of the alloy and the hddingterr^^^^^ 

content to between 20% and 80% so that the P"'^ / ^J^!?^^ „Sq^^^ aline-grained and homogeneous 
insemi-solWmetalprocessing:inthi8process.themelto^an^^^^^^ 

exceeding the liquidus line of the alloy but no higher ^^'^^ ^« f ine. equiaxed cryst^ grains. TaWng 
the solidification zone, thereby yielding a b^et "^'^^^'^^^^^^6 crVstate than those produced by 
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A method of processing semi-sold metals «";P^^"9!^^',,^^ ^ conposition within maximum solubility limits 
mold exceeds the liquidus line of the alloy but .s not higher by more than 30 C. 
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cooling said mett to solidify within said mold at a cooling rate of at least 1 .O^C/sec over the solidification zone 
so as to form a billet; 

subsequently heating said billet within said moid from the solubility tine to the solidus line of the alloy at a 
rate of at least 0.5*>C/mtn; 
5 further heating the billet to a temperature exceeding the solidus line of the alloy, 

holding the billet at that temperature for 5 - 60 minutes, thereby spheroidizing the primary crystals; 

further heating said billet to a n>olding temperature below the Itquidus line of the alloy; 

feeding the semi-solid billet into a shaping mold; and forming the billet to a shape under pressure. 

10 2. A method of processing semi-solid metals comprising the steps of : 

casting the mett of a hypo-eutectic aluminum alloy having a composition at or above maximum solubility limits 
into a billet-forming mold with care being taken to insure that the temperature of the melt as it is poured into said 
mold exceeds the liquidus line of the alloy but is not higher by more than SO^G; 

cooling said melt to solidify within said noold at a cooling rate of at least 1 .0*'C/sec over the solidification zone 
15 so as to form a billet; 

subsequently heating said billet to a temperature above the eutectic point of said alloy; 
selecting the holding time and temperature in such a way that the liquid-phase content of the billet is adjusted 
to between 20% and 80% and that the primary crystals are spheroidized; 

thereafter supplying a shaping mold with the semi-solid billet having the so adjusted liquid-phase content; and 
20 forming the billet to a shape under pressure. 

3. A method according to claim 1 wherein the alloy is a magnesium alloy which contains 0.005 - 0.1% Sr, or a mag- 
nesium alloy which contains 0.05 - 0.3% Ca, or a magnesium alloy which contains 0.0 1 - 1 .5% Si and 0.005 - 0. 1 % Sr. 

25 4. A method according to claim 1 wherein the alloy is an aluminum alloy which contains 0.001 - 0.01% B and 0.005 - 
0.30% Ti. 

5. A method according to claim 2 wherein the aluminum alloy is one which contains 0.001 - 0.01% B and 0.005 - 0.30% 
Ti, 

30 

6. A method according to claim 2 wherein the aluminum alloy is one which contains 0.001 - 0.01% B and 0.005 - 0.30% 
Tiand4-6%Si. 

7. A method according to any one of claims 1 - 6 wherein the billet-forming mold is supplied with the molten alloy as 
35 small vibrations are applied to said mold in a direction generally prependicular to the direction in which the melt is 

poured. 

8. A process of casting an alloy billet suitable for semi-solid metal processing method comprising the steps of: 

holding the melt of a magnesium or an aluminum alloy at a temperature exceeding the liquidus line of the 
40 alloy but not higher by more than SO'C; and 

casting the melt in a billet-forming nx>ld at a cooling rate of at least 1 .0'*C/sec over the solidification zone so 
as to form a billet of a structure comprising fine, equiaxed crystal grains. 

9. A process according to claim 8 wherein the alloy is a magnesium alloy which contains 5 - 10% Al, 0.1 - 3.5% Zn 
45 and 0.1 -0.6% Mn. 

10. A process according to claim 8 wherein the alloy is a magnesium alloy which contains 5- 12% Aland 0.1 -0.6% Mn. 

1 1 . A process according to claim 8 wherein the alloy is an aluminum alloy which contains 0.001 - 0.01% 6 and 0.005 • 

50 0.30% n 

12. A process according to claim 8 wherein the alloy is an aluminum alloy which contains 0.001 ■ 0.01% B, 0.005 - 
0.30% Ti and 4 -6% Si. 

55 1 3. A process according to any one of claims 8-12 wherein the billet-forming mold is suppRed with the molten alloy as 
small vibrations are applied to said mold in a direction generally perpendicular to the direction in which the mett is 
poured. 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 9 
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Fig, 10 
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Fig. 13 
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Fig. 14 
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Fig. 16 
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Fig. 19 



Fig. 20 




11 



EP 0 701 002 A1 



Fig. 21 
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Fig. 22 
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